By monitoring Mac's fluorescence emissions, we examined how various Mac mutants respond to the application of voltage depolarizations. These measurements involved illumination of 633 nm wavelength and 1400 mW mm -2 intensity at the specimen plane, and an imaging frame rate of 440 Hz. MacN exhibited a ~5 ms rise time (defined as the time to rise to 1 − 1/e of the steadystate response), whereas Mac-EEN and Mac-EEQ had rise times of >100 ms.
(d,e) We injected 2 ms pulses of current to initiate action potentials in neurons transfected with MacQ, d, and MacN, e. The injected current was barely sufficient to drive spikes, as evidenced by the ~50% success in spike initiation. The blue bars denote periods of illumination. In MacQexpressing cells, the negligible steady-state hyperpolarizing photocurrent did not visibly perturb the success rate in spike initiation. By comparison, in MacN-expressing cells, this photocurrent blocked spiking throughout the illumination periods. In both cases, we also observed depolarizing voltage transients (orange dots) at illumination onset.
All neurons were illuminated using the same parameters as used elsewhere in the paper for imaging (15 mW mm -2 , λ = 530 nm). Error bars are s.e.m.
Supplementary Figure 3 | MacQ exhibits comparable or higher SNR in response to steadystate voltage depolarizations than Arclight.
We computed the normalized SNR for steady-state depolarizations as 
, where F is the baseline fluorescence intensity and ν is the imaging frame rate).
The data points for the various sensors and expression conditions are normalized for excitation power density. In cultured neurons, Mac-Orange2 outperformed Arclight in SNR by a factor of 3.8, whereas Mac-mCitrine outperformed Arclight by a factor of 4.4. Moreover, Mac-mCitrine achieved an SNR value in neocortical pyramidal cells in live brain slices that was higher than
Arclight's SNR value in cultured neurons. All neurons were imaged under the same illumination conditions as their corresponding experiments in Fig. 5d and (firing ~90 Hz) and the non-injection period (firing ~70 Hz), we observed that the sensor represented the electrophysiological firing rates with reasonable fidelity, as evidenced by the corresponding peaks at the two frequencies. By using experimentally collected fluorescence intensity, we estimated the shot-noise noise floor of the spectrum and found that the sensor offered at least SNR~5 during periodic spiking.
Neurons were imaged using illumination of 30 mW mm -2 intensity, 505 nm wavelength, and 440
Hz frame rate.
